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Abstract
In this article, we study the final-state rescattering effects in the decay
B0 → ηcK∗, the numerical results indicate the corrections are comparable
with the contribution from the naive factorizable amplitude, and the total
amplitudes can accommodate the experimental data.
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1 Introduction
The nonleptonic decays of the B meson have attracted much attention in studying
the nonperturbative dynamics of QCD, final-state interactions and CP violation.
The exclusive B to charmonia decays are of great importance since the decays B →
J/ψK, ηcK,χcJK are regarded as the golden channels for studying CP violation.
The quantitative understanding of those decays depends on our knowledge about
the nonperturbative hadronic matrix elements of the operators entering the effective
weak Hamiltonian. The B factories (BaBar, Belle, etc) have measured the color-
suppressed decays to a charmonium and a K (or K∗) meson with relatively large
branching fractions [1], for examples, Br(B0 → J/ψK0) = (8.72 ± 0.33) × 10−4,
Br(B+ → J/ψK+) = (10.07 ± 0.35) × 10−4, Br(B0 → ηcK0) = (9.9 ± 1.9) × 10−4,
Br(B+ → ηcK+) = (9.1±1.3)×10−4, Br(B0 → ηcK∗0) = (1.6±0.7)×10−3, etc, which
take place through the process b → scc¯ (or more precise b¯ → s¯cc¯, they relate with
each other by charge conjunction, in this article, we calculate the amplitudes for the
process b→ scc¯, then take charge conjunction to obtain the branching fraction.) at
the quark-level.
Recently, the BaBar Collaboration measured the processes B0 → ηcK∗0, B0 →
ηc(2S)K
∗0, B0 → hcK∗0, B+ → hcK+ and ηc(2S) → KK¯π from the B-decays to
(KK¯π)K+, (KK¯π)K∗0, ηcγK+ and ηcγK∗0. The branching fractions are Br(B0 →
ηcK
∗0) = (5.7 ± 0.6 ± 0.9) × 10−4, Br(B0 → ηc(2S)K∗0) < 3.9 × 10−4, Br(B+ →
hcK
+)Br(hc → ηcγ) < 4.8× 10−5 and Br(B0 → hcK∗0)Br(hc → ηcγ) < 2.2× 10−4 at
the 90% C.L. [2].
The decays B → J/ψK, ηcK,χcJK have been calculated with the QCD-improved
factorization approach [3, 4], there are infrared divergence in vertex corrections and
logarithmical divergence in spectator corrections beyond the leading twist approx-
imation for the S-wave charmonia and in the leading twist approximation for the
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P -wave charmonia, moreover, the predicted branching fractions are too small to
accommodate the experimental data [5, 6, 7, 8, 9, 10]. The decay B → J/ψK∗ has
also been studied with the QCD-improved factorization approach, the factorization
breaks down even at the twist-2 level for transverse hard spectator interactions [11].
In Refs.[12, 13, 14], the soft nonfactorizable contributions in the decays B →
J/ψK, χc0K,χc1K, ηcK are studied with the light-cone QCD sum rules, the pre-
dicted small branching fractions cannot accommodate the (relatively large) experi-
mental data.
In Ref.[15], the authors study the decays B → J/ψK, χc0K, χc1K, ηcK, J/ψK∗,
χc0K
∗, χc1K∗, ηcK∗ with the perturbative QCD approach based on kT factorization
theorem, and the branching fractions Br(B→ ηcK) and Br(B0 → ηcK∗0) (2.64+2.71−2.58×
10−4) are too small to take into account the experimental data [2].
Final-state interactions play an important role in the hadronic B-decays, the
color-suppressed neutral modes such as B0 → D0π0, π0π0, ρ0π0, K0π0 are enhanced
substantially by the long-distance rescattering effects [16]. In Refs.[17, 18], the
authors study the rescattering effects of the intermediate charmed mesons for the
decays B− → χc0K−, hcK− and observe the final-state interactions can lead to larger
branching fractions to account the experimental data. The factorizable amplitude
in the decay B0 → ηcK∗ is too small to accommodate the experimental data [2], so
it is intersecting to study the effects of the final-state interactions.
The article is arranged as: in Section 2, we study the final-state rescattering
effects in the decay B0 → ηcK∗; in Section 3, the numerical result and discussion;
and Section 4 is reserved for conclusion.
2 Final-state rescattering effects in the decay B0 →
ηcK
∗
The effective weak Hamiltonian for the decay modes b→ scc¯ can be written as (for
detailed discussion of the effective weak Hamiltonian, one can consult Ref.[19])
Hw =
GF√
2
{
VcbV
∗
cs [C1(µ)O1(µ) + C2(µ)O2(µ)]− VtbV ∗ts
10∑
i=3
Ci(µ)Oi(µ)
}
, (1)
2
where Vij ’s are the CKM matrix elements, Ci’s are the Wilson coefficients calculated
at the renormalization scale µ ∼ O(mb) and the relevant operators Oi are given by
O1 = (sαbα)V−A(cβcβ)V−A ,
O2 = (sαbβ)V−A(cβcα)V−A ,
O3(5) = (sαbα)V−A
∑
q
(qβqβ)V−A(V+A) ,
O4(6) = (sαbβ)V−A
∑
q
(qβqα)V−A(V+A) ,
O7(9) = 3
2
(sαbα)V−A
∑
q
eq(qβqβ)V+A(V−A) ,
O8(10) = 3
2
(sαbβ)V−A
∑
q
eq(qβqα)V+A(V−A) , (2)
α and β are color indexes. We can reorganize the color-mismatched quark fields into
color singlet states by Fierz transformation (for example, O2 = 13O1 + 2O˜1, O˜1 =
(sλ
a
2
b)V −A(cλ
a
2
c)V−A, λa’s are the Gell-Mann matrices), and obtain the factorizable
amplitude,
〈ηc(p3)K∗(p4)|Hw|B(P )〉 = GF√
2
{
VcbV
∗
cs(C1 +
C2
3
)− VtbV ∗ts(C3 − C5 +
C4 − C6
3
)
}
〈ηc(p3)|cγµ(1− γ5)c|0〉〈K∗(p4)|sγµ(1− γ5)b|B(P )〉
=
GF√
2
{
VcbV
∗
cs(C1 +
C2
3
)− VtbV ∗ts(C3 − C5 +
C4 − C6
3
)
}
2P · ǫ∗4fηcMK∗A0(p23) , (3)
where we have used the standard definitions for the weak form-factors (we write
down all form-factors to be used in this article) [20, 21],
〈D(p)|sγµ(1− γ5)b|B(P )〉 = (P + p)µF1(q2)− M
2
B −M2D
q2
qµ[F1(q
2)− F0(q2)] ,
〈V (p)|sγµ(1− γ5)b|B(P )〉 = iǫµναβǫ∗νPαpβ
2V (q2)
MB +MV
− 2MV q · ǫ
∗
q2
qµA0(q
2)
−
[
ǫ∗µ −
q · ǫ∗
q2
qµ
]
(MB +MV )A1(q
2) +[
(P + p)µ − M
2
B −M2V
q2
qµ
]
q · ǫ∗ A2(q
2)
MB +MV
, (4)
the ǫµ is the polarization vector of the vector meson and qµ = Pµ−pµ. In this article,
we use the value of the B → K∗ form-factor A0(q2) from the light-cone QCD sum
rules [22],
A0(q
2) =
1.364
1− q2/M2B
− 0.990
1− q2/36.78 . (5)
3
The factorizable amplitude (see Eq.(3)) at the tree level is too small to accommodate
the experimental data.
The decays B0 → DDs, DD∗s , D∗Ds, D∗D∗s are color enhanced due to the large
Wilson coefficient C2,
〈Ds(q)D∗(p)|Hw|B(P )〉 =
√
2GFVcbV
∗
cs(C2 +
C1
3
)P · ǫ∗fDsMD∗A0(q2) ,
〈D∗s(q)D(p)|Hw|B(P )〉 =
√
2GFVcbV
∗
cs(C2 +
C1
3
)P · ǫ∗fD∗sMD∗sF1(q2) , (6)
we write down only the amplitudes appear in the final expressions. In the heavy
quark limit, the weak form-factors A0(q
2) and F1(q
2) can be related to the universal
Isgur-Wise form-factor ξ(ω) [23],
F1(q
2) =
MB +MD
2
√
MBMD
ξ
(
M2B +M
2
D − q2
2MBMD
)
,
A0(q
2) =
MB +MD∗
2
√
MBMD∗
ξ
(
M2B +M
2
D∗ − q2
2MBMD∗
)
, (7)
where ξ(ω) =
(
2
1+ω
)2
, which is compatible with the experimental data for the
semileptonic decays B → D∗(D)lνl [24].
The decay B0 → ηcK∗ can also take place through the decay cascades B0 →
DDs, DD
∗
s , D
∗Ds, D∗D∗s → ηcK∗, the rescattering amplitudes of DDs, DD∗s , D∗Ds,
D∗D∗s → ηcK∗ may play an important role.
The final-state interactions can be described by the following effective lagrangians,
LηcD∗D = −igηcD∗Dηc
[
∂µDD∗†µ −D∗µ∂µD†
]
, (8)
LηcD∗D∗ = gηcD∗D∗εµναβηc∂µD∗†ν ∂αD∗β , (9)
LDDV = −igDDVD†i
↔
∂µD
j(Vµ)ij , (10)
LD∗DV = −2fD∗DV εµναβ(∂µVν)ij
[
D†i
↔
∂αD
∗j
β −D∗†βi
↔
∂αD
j
]
, (11)
LD∗D∗V = igD∗D∗VD∗ν†i
↔
∂µD
∗j
ν (V
µ)ij + 4ifD∗D∗VD
∗†
iµ(∂
µ
V
ν − ∂νVµ)ijD∗jν , (12)
where the indexes i, j stand for the flavors of the light quarks, D(∗)=(D¯(∗)0, D(∗)−,
D
(∗)−
s )T , V is the 3× 3 matrix for the nonet vector mesons,
V =

ρ0√
2
+ ω√
2
ρ+ K∗+
ρ− − ρ0√
2
+ ω√
2
K∗0
K∗− K¯∗0 φ
 . (13)
The lagrangians LDDV , LD∗DV and LD∗D∗V are taken from Ref.[16], and the LηcD∗D
and LηcD∗D∗ are constructed from the heavy quark theory in this article. In the heavy
quark limit, the strong coupling constants fD∗DV , fD∗D∗V , gDDV and gD∗D∗V can be
4
related to the basic parameters λ and β in the heavy quark effective Lagrangian (one
can consult Ref.[25] for the heavy quark effective lagrangian and relevant parameters,
we neglect them for simplicity),
fD∗DV =
fD∗D∗V
MD∗
=
λgV√
2
,
gDDV = gD∗D∗V =
βgV√
2
, (14)
where gV = 5.8 from the vector meson dominance theory [26]. The strong coupling
constants gηcD∗D and gηcD∗D∗ are estimated with the universal Isgur-Wise form-
factor at zero recoil ξ(1) and the assumption of dominance of the intermediate ηc
meson for the pseudoscalar heavy quark current ciγ5c,
gηcD∗D =
2mc
fηc
≈ Mηc
fηc
,
gηcD∗D∗ =
gηcD∗D
MD∗
. (15)
The rescattering effects can be taken into account by twelve Feynman diagrams,
see Fig.1. We calculate the absorptive parts (or imaginary parts) of the rescattering
5
amplitudes Abs(i) by the Cutkosky rule, Abs(i) = A˜bs(i)GF√
2
VcbV
∗
cs(C2 +
C1
3
),
A˜bs(a) =
|~p1|
8π2MB
∫
dΩ
[
fDsMD∗gηcD∗DgDDVA0(p
2
2)
] F2(MD, t)
t−M2D
p2 · ǫ∗4p2 · ǫ∗1q · ǫ1 ,
A˜bs(b) =
|~p1|
8π2MB
∫
dΩ
[
fD∗sMD∗sgηcD∗DgDDV F1(p
2
1)
] F2(MDs , t)
t−M2Ds
p2 · ǫ∗4p2 · ǫ∗1q · ǫ1 ,
A˜bs(c) = − |~p1|
4π2MB
∫
dΩ
[
fDsMD∗gηcD∗D∗fD∗DVA0(p
2
2)
] F2(MD∗ , t)
t−M2D∗
ǫµναβǫµ
′ν′α′βp4µǫ4νp2αp1µ′p2ν′qα′ ,
A˜bs(d) = − |~p1|
4π2MB
∫
dΩ
[
fD∗sMD∗sgηcD∗D∗fD∗DV F1(p
2
1)
] F2(MD∗s , t)
t−M2D∗s
ǫµναβǫµ
′βα′β′p4µǫ4νp2αqµ′p1α′p2β′ ,
A˜bs(e) =
|~p1|
8π2MB
∫
dΩ
[
fD∗sMD∗sgηcD∗DF1(p
2
2)
] F2(MD∗ , t)
t−M2D∗
[−gD∗D∗V p2 · ǫ∗4p1 · ǫ∗(q)ǫ(q) · ǫ2p1 · ǫ∗2
−2fD∗D∗V p4 · ǫ2p1 · ǫ∗2p1 · ǫ∗(q)ǫ(q) · ǫ∗4
+2fD∗D∗V p4 · ǫ(q)p1 · ǫ∗(q)p1 · ǫ∗2ǫ2 · ǫ∗4] ,
A˜bs(f) =
|~p1|
8π2MB
∫
dΩ
[
fDsMD∗gηcD∗DA0(p
2
1)
] F2(MD∗s , t)
t−M2D∗s
[−gD∗D∗V p2 · ǫ∗4p1 · ǫ∗(q)ǫ(q) · ǫ2p1 · ǫ∗2
−2fD∗D∗V p4 · ǫ2p1 · ǫ∗2p1 · ǫ∗(q)ǫ(q) · ǫ∗4
+2fD∗D∗V p4 · ǫ(q)p1 · ǫ∗(q)p1 · ǫ∗2ǫ2 · ǫ∗4] ,
A˜bs(g) = −A˜bs(h) (in SU(3) limit) ,
A˜bs(i) = −A˜bs(j) (in SU(3) limit) ,
A˜bs(k) = −A˜bs(l) (in SU(3) limit) , (16)
where ~p1 is the 3-momentum of the on-shell intermediate mesons D,D
∗, Ds, D∗s in
the rest frame of the B meson, for example, in the process B0 → D∗(p1)Ds(p2) →
ηc(p3)K
∗(p4), t = q2, q = p1−p3 = p4−p2, ǫµi is the polarization vector of the vector
meson i. The off-shell effects of the t-channel exchanged mesons D, D∗, Ds and D∗s
are taken into account by introducing a monopole form-factor [16],
F(Mi, t) = Λ
2
i −M2i
Λ2i − t
, (17)
and the cutoff Λi are parameterized as
Λi = Mi + αΛQCD , (18)
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where α is a free parameter and ΛQCD = 0.225GeV. In fact, the gsF(Mi, t) are the
momentum dependent strong coupling constants, we can vary the parameter α to
change the effective strong couplings, here we use the notation gs to denote all the
strong coupling constants.
The dispersive parts (or real parts) of the rescattering amplitudes can be obtained
via the dispersion relation,
Dis(i)(M2B) =
1
π
P
∫ ∞
sth
Abs(i)(s′)
s′ −M2B
ds′ , (19)
where the thresholds sth are given by sth = (MD +MD∗s )
2 , (MD∗ +MDs)
2, (MD +
MDs)
2, (MD∗ +MD∗s )
2 for any specific diagram. There are large uncertainties due
to the cut-off procedure, even one assume that the integrals are dominated by the
region close to the pole M2B [17, 18]. In this article, we assume the dominating
contributions of the rescattering amplitudes come from the absorptive parts, which
originate from the on-shell intermediate states in the decay cascades, the dispersive
parts of the amplitudes are of minor importance and can be taken into account by
introducing a phenomenological parameter ρ, Dis(i) = ρAbs(i), ρ ≤ 30%.
3 Numerical result and discussions
The CKM matrix elements are taken as Vcs = 0.97296 ± 0.00024, Vcb = (41.6 ±
0.6) × 10−3, Vtb = 0.999100+0.000034−0.000004 and Vts = −(40.6 ± 2.7) × 10−3 [1, 27]. We
take the next-to-leading order Wilson coefficients calculated in the naive dimen-
sional regularization scheme for µ = mb(mb) = 4.40GeV and Λ
(5)
MS
= 225MeV,
C1(µ) = −0.185, C2(µ) = 1.082, C3(µ) = 0.014, C4(µ) = −0.035, C5(µ) = 0.009 and
C6(µ) = −0.041 [19], here we have neglected the Wilson coefficients C7, C8, C9, C10
in numerical calculation due to their small values. The masses of the mesons are
taken as MB = 5.279GeV, MK∗ = 0.892GeV, MD = 1.87GeV, MDs = 1.97GeV,
MD∗ = 2.010GeV and MD∗s = 2.112GeV [1], and Mηc = 2.986GeV [2].
The values of the decay constants fD, fDs, fD∗ and fD∗s vary in a large range
from different approaches, for examples, the potential model, QCD sum rules and
lattice QCD, etc [30, 31, 32]. For the fD, we take the experimental data from the
CLEO Collaboration, fD = 222.6±16.7+2.8−3.4 MeV [33, 34]. The value fDs = (0.274±
0.013)GeV from the CLEO Collaboration shows the SU(3) breaking effect is rather
large [35],
fDs
fD
= 1.23, while most of theoretical calculations indicate
fDs
fD
≈ 1.1, we
take the value fD∗ = fD = (0.22± 0.02)GeV and fD∗s = fDs = (0.24± 0.02)GeV.
The decay constant fηc can be estimated with the QCD sum rules [36] or phe-
nomenological potential models, the values from those approaches are compatible
with each other, we can take the value fηc = (0.35± 0.02)GeV [37, 38, 39].
The basic parameters λ and β in the heavy quark effective Lagrangian are es-
timated with the vector meson dominance theory [28, 29], λ = 0.56GeV−1 and
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Figure 1: The Feynman diagrams for the final-state interactions.
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β = 0.9. The corresponding values of the strong coupling constants are
fD∗DV = 2.30GeV
−1 ,
fD∗D∗V = 4.61 ,
gDDV = 3.69 ,
gD∗D∗V = 3.69 , (20)
while the values from the light-cone QCD sum rules are much smaller [40, 41]. In
this article, the strong coupling constants gηcD∗D and gηcD∗D∗ are estimated with the
universal Isgur-Wise form-factor at zero recoil ξ(1) and the assumption of dominance
of the intermediate ηc meson for the pseudoscalar heavy quark current ciγ5c. We
take the results from the vector meson dominance theory for consistence. However,
we may overestimate the final-state rescattering effects due to the larger strong
coupling constants, and have to compensate them with suitable α.
The parameters α and ρ are taken to be ρ = 0.3, α = 1.4−1.8. The contributions
from the rescattering effects are somewhat sensitive to the parameter α (or the
constant Λi in the form-factors), the Λi is of the order of the mass of radial excitations
of the charmed mesons [17, 18].
Finally we obtain the numerical results for the branching fractions,
Br(B0 → ηcK∗) = (3.25− 4.09)× 10−4 (Tree amplitude) ,
Br(B0 → ηcK∗) = (3.90− 5.31)× 10−4 (Tree+Abs amplitude) ,
Br(B0 → ηcK∗) = (4.83− 6.94)× 10−4 (Tree+Abs+Dis amplitude) ,
Br(B0 → ηcK∗) = (5.7± 0.6± 0.9)× 10−4 (Experimental data) . (21)
4 Conclusion
In this article, we study the final-state rescattering effects in the decay B0 → ηcK∗,
the numerical results indicate the corrections are comparable with the contribution
from the naive factorizable amplitude, and the total amplitudes can accommodate
the experimental data.
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